A best evidence topic in thoracic surgery was written according to a structured protocol. The question addressed was: 'Is storage of saphenous vein grafts in autologous whole blood prior to coronary artery bypass grafting (CABG) more effective than storage in saline in preserving graft function?' Altogether more than 580 papers were found using the reported search, of which, 10 represented the best evidence to answer the clinical question. The authors, journal, date, country of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. Preservation of the vein graft endothelium during graft preparation is of well-recognized importance in forestalling graft occlusion and saphenous vein graft disease following CABG, however, the different preservation capabilities of saline vs autologous whole blood are not well validated. Although there is a complete lack of randomized clinical trials addressing this issue, some studies using basic in vitro techniques and animal models can be extrapolated to answer the clinical question in hand. All are consistent in demonstrating the detrimental effects of saline on vascular endothelium and therefore graft patency, but there is some disagreement in the literature as to whether autologous whole blood is superior as a storage medium. Though three well-designed studies suggest preserved endothelial function when saphenous vein grafts are stored in saline compared with storage in autologous whole blood, data from other studies are unimpressive, with two studies showing no difference. Furthermore, two elegant experiments that seek to mimic in vivo conditions by comparing outcomes postarterialization show no benefit of prior storage in autologous whole blood, despite the initial better-preserved endothelium. Instead, some notice should be taken of alternative storage solutions such as the University of Wisconsin solution, as some early studies suggest that it may be advantageous over both blood and crystalloid solution.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This is fully described in the ICVTS [1] . 
THREE-PART QUESTION

CLINICAL SCENARIO
While assisting in theatre you notice that intraoperative storage of the venous graft takes place in heparinized autologous whole blood (AWB), not normal saline. The consultant explains that heparinized AWB is more likely than saline to preserve graft patency as it more closely imitates the in vivo environment, preventing de-endothelialization and thrombogenicity. He also informs you that despite the evidence, saline is still the solution used most frequently worldwide for intraoperative graft storage. Baffled as to why such logical evidence has not changed practice worldwide, you decide to evaluate the literature for yourself.
SEARCH STRATEGY
Medline from 1948 to April week 1 2012 using the OVIDSP interface (exp Saphenous Vein/ or vein graft$.mp. OR Saphenous vein$.mp) AND ( preservation.mp. or exp Tissue Preservation/ or storage.mp).
SEARCH OUTCOME
Five hundred and eighty papers were found using this reported search. From these, 10 papers were indentified that provided the Continued most applicable evidence to answer the question. However, no double-blinded, randomized controlled trials were identified, and as such these papers do not represent the best possible evidence. These are presented in Table 1 .
seminal study demonstrated that the negative effects of saline on vascular endothelium and graft patency were the first to challenge the universally practiced use of saline for the intraoperative storage of SVGs. The authors used scanning microscopy to reveal a significant topographical alteration of the rabbit vessel wall following saline infusion. They also found that, when examined 1 month after saline infusion, the vessels had moderate to severe intimal thickening compared with autologous serum infusion. More recently, Wilbring et al. [3] showed that even short-term storage (90 min) in saline impairs graft endothelial vascular function, significantly reducing maximum vessel wall tension and endothelium-derived vasodilatory function. This study was limited, however, by the small number of examined segments (n = 19). Gundry et al.'s [4] elegant study later compared the effects of different temperatures of AWB and saline for SVG storage, using a scanning electron microscope. They show that while saphenous veins immersed in warm saline solution showed massive endothelial cell loss, corroborating the findings of O'Connell et al., those immersed in warm blood showed only moderate endothelial damage. Meanwhile, at 4°C, although both cold blood and cold saline immersion fully preserve endothelium, cold saline immersion produced mural oedema. However, one criticism of this study is that it does not go on to investigate any differences following arterialization of the vein grafts.
The study by Bush et al. [5] first substantiates the above finding by demonstrating that whole blood preserved biochemical function better than saline solution, as assessed by the continued production of a prostacyclin (PGI) metabolite, and subsequently sought to clarify whether the superior endothelial preservation observed in saphenous veins stored in whole blood compared with saline persisted after arterialization. Surprisingly, AWB and saline-preserved veins did not significantly vary in their capacity to release the PGI metabolite or in time taken to repair endothelial damage. A different marker of endothelial integrity was used in a study by Lawrie et al. [6] : endothelium-dependent relaxation factor (EDRF). In vein graft preparations stored in saline, EDRF response was reduced to a greater extent than when compared with storage in heparinized AWB. Moreover, the EDRF response was not statistically significantly different from the control when stored in plasma-lyte solution, suggesting that this is a far better storage medium. Another study suggesting AWB's superiority as a storage medium [7] used the extent of vasoconstriction to determine endothelial graft damage. They showed that storage in saline gave the largest response to vasoconstrictors, suggesting altered vascular reactivity as a result of deterioration in endothelium morphology. The results showed that storage in patients' own heparinized blood neither enhanced nor depressed vascular reactivity, but such differences compared with saline were not statistically significant.
Nevertheless, an appealing study by Santoli et al. [8] strongly attests to the detrimental effect of blood on the endothelium when blood is taken out of its natural environment and used as a storage solution. Endothelial integrity following storage in different solutions was assessed using electron microscopy. All specimens stored in AWB were extensively and severely damaged, with fragmentation and detachment of the endothelium, and supplemental necrosis after 5 h immersion. Specimens stored in the other two solutions were far superiorly preserved. Though we cannot used these results to favour heparinized saline (in this study peparavine was added), we can conclude that preservation with AWB was indeed damaging to the graft.
In Weiss et al.'s [9] well-constructed study, the authors attempted to gain a deeper insight into the reasons for graft failure. A finding worth highlighting was that vein grafts stored in heparinized AWB were equally prothrombotic as saline-stored grafts. This finding is significant, as the study environment closely mimics that which occurs during a CABG procedure. Though the scanning electron microscopic evidence is qualitative, such results are consistent with Bush et al.'s findings postarterialization.
Further studies have also failed to find any superiority of AWB to saline in preserving graft function. A study by Dumanski et al. [10] investigating the expression of adhesion molecules following flush with heparinized blood or saline found similarities in endothelial surface loss, and expression of VCAM1, ICAM1 and P-selectin. The authors conclude that damage may occur irrespective of fluid used as a result of pressure on the conduit's walls during the flushing process. A flaw in this study, however, is that all fragments were initially flushed with saline to remove residual blood, and therefore, a degree of damage from saline flushing may already have occurred. Nevertheless, the study is to be commended in using a novel, quantitative method of establishing graft susceptibility to occlusion. Cavallari et al. [11] also demonstrates that there is no benefit to autologous whole blood compared with normal saline in a study using scanning microscopy on canine veins stored in different media at 4°C for 45 min and 24 h. Instead, University of Wisconsin is shown to be a far superior storage medium when compared with autologous whole blood and normal saline.
CLINICAL BOTTOM LINE
Preservation of the vein graft endothelium during graft preparation is of well-recognized importance in forestalling graft occlusion and SVG disease following CABG, however, the different preservation capabilities of saline vs AWB are not well validated. Although there is a complete lack of randomized clinical trials addressing this issue, some studies using basic in vitro techniques and animal models can be extrapolated to answer the clinical question in hand. All are consistent in demonstrating the detrimental effects of saline on vascular endothelium and therefore graft patency, but there is some disagreement in the literature as to whether AWB is superior as a storage medium. Though three well-designed studies suggest preserved endothelial function when SVGs are stored in saline compared with storage in AWB, data from other studies are unimpressive, with two studies showing no difference. Furthermore, two elegant experiments that seek to mimic in vivo conditions by comparing outcomes postarterialization show no benefit of prior storage in AWB, despite the initial better-preserved endothelium. Instead, some notice should be taken of alternative storage solutions such as University of Wisconsin solution, as some early studies suggest that it may be advantageous over both blood and crystalloid solution.
